The evidence relating obesity measured with body mass index (BMI) in the elderly to late-onset Alzheimer disease (LOAD) is conflicting. Central obesity in middle age is related to a higher risk of LOAD, but data in the elderly are lacking. We explored whether measures of central obesity, waist circumference, and waist to hip ratio (WHR) were better predictors of LOAD compared with BMI in the elderly. Participants were 1459 persons aged 65 years and older without dementia at baseline, with follow-up, and with anthropometric data from a longitudinal study of aging in New York City. Proportional hazards regression was used for multivariable analyses relating BMI, waist circumference, and WHR to LOAD. There were 145 cases of Alzheimer disease in 5734 person-years of follow-up. Only WHR was related to higher LOAD risk (hazard ratio of the fourth quartile compared with the first=2.5; 95% confidence interval=1.3, 4.7) after adjustment for age, sex, education, ethnic group, Apolipoprotein E-e4, type 2 diabetes, hypertension, non-high-density lipoprotein-cholesterol, high-density lipoprotein cholesterol, and stroke. Our results support the notion that central obesity is related to a higher risk of LOAD.
T he most common form of dementia is late-onset Alzheimer disease (LOAD), which likely accounts for 70% to 90% of all cases. 1 Despite the lack of precise prevalence and incidence data in the United States, there are estimates that the prevalence of LOAD will quadruple by 2047 2 and the incidence of LOAD among patients over the age of 65 years with dementia may be as great as 58%. 3 Obesity in middle age is associated with an increased risk of dementia including LOAD. [4] [5] [6] [7] However, the data relating obesity in the elderly with LOAD is conflictingsome studies show increased risk, 8 some show an inverse risk, 6, 9 some show nonlinear associations, 10 and some show no association. 11 Explanations for the conflicting data include potential survival bias, and decreased validity of body mass index (BMI) as a measure of obesity in the elderly. 12 Measures of central obesity, particularly waist to hip ratio (WHR), seem to be better predictors of cardiovascular outcomes compared with BMI, 13 and central obesity in middle age is related to a higher risk of dementia. There is a paucity of data on the association between central obesity in the elderly and LOAD risk. We previously reported that BMI had a nonlinear association with LOAD risk, and that high waist circumference (WC) in younger elderly was associated with higher LOAD risk 10 in a cohort recruited in 1992 to 1994 in Northern Manhattan. In this study we explore the association of a better measure of central obesity, WHR with LOAD risk in a larger cohort recruited in 1999 to 2001 in Northern Manhattan, and compare the associations with those of BMI and WC. We hypothesized that measures of central obesity in the elderly would predict LOAD better than BMI in the elderly.
METHODS
Participants were recruited by random sampling of healthy Medicare eligible persons aged >65 years in several low-income neighborhoods with a high proportion of Hispanics in northern Manhattan. They were part of the Washington Heights-Inwood Columbia Aging Project-a longitudinal population-based cohort in which clinical and epidemiologic data are collected at regular intervals and vital status is continually updated. Recruitment occurred in 2 cohorts; recruitment for the first cohort began in 1992. The geographic study area was the 14 census tracts comprising that area of Manhattan between approximately 155th and 181st streets. Lists of all persons in receipt of Medicare or Medicaid the study area were obtained from the Health Care Financing Administration. Potential study participants were then drawn by systematic random sampling into 1 of 6 strata formed on the basis of ethnicity (Hispanics, non-Hispanic Blacks, and non-Hispanic whites) and age (65 to 74 y, 75+ y). A total of 4865 individuals were sent letters in this first recruitment. Of these, attempts at follow-up by phone or in-person visit indicated that 470 (9.6%) had died, 896 (18.4%) no longer lived in the region, 47 (1%) were ineligible, and 1324 (27%) did not wish to participate. The total number of participants recruited was 2128. The overall recruitment rate for eligible individuals living in the study area was therefore 60%. A "refreshment" cohort of 2183 additional participants was formed in 1999 using generally similar methods. The main exceptions are as follows: new lists of beneficiaries were obtained but all those drawn into the 1992 cohort were excluded; within the course of contacting and arranging for the initial evaluation, participants who reported that a physician had diagnosed them with dementia were excluded; the study area was extended to the South and to the North and now encompassed all of Manhattan North of (approximately) 145th Street. For this refreshment cohort, recruitment letters were sent to a total of 7120 persons living in households with a known phone number. Of these, 265 (3.7%) were found to have died, 1541 (21.6%) no longer lived in the region, 662 (9.3%) were ineligible, and 2810 (39.5%) refused to participate. The total number of participants recruited was therefore 2174, and the overall recruitment rate for eligible individuals living in the study area for the refreshment cohort was 40%. Of the 2174 persons in the 1999 cohort, 222 had dementia at baseline, and 462 had no follow-up. Of the remaining 1488, 31 did not have anthropometric data: 1431 had data on BMI, 1456 had data on WC, and 1406 had data on WHR. Compared with the final sample (Supplemental Table 1 Supplemental Digital Content http://links.lww.com/WAD/A15), persons excluded due to baseline dementia were older, more likely to be Hispanic, and less likely to be Non-Hispanic White. Persons excluded due to loss to follow-up were older, more likely to be Hispanic, and less likely to be White. Persons with no anthropometric data were younger. Apolipoprotein E-e4 data was available in 1190 participants and highdensity lipoprotein (HDL) cholesterol and non-HDL cholesterol was available in 1130 participants.
Diagnosis of Dementia
The diagnosis of dementia was established based on all available information gathered from the initial and followup assessments. Dementia was determined by consensus at a conference of physicians, neurologists, neuropsychologists, and psychiatrists. The diagnosis of dementia was based on standard research criteria 14 and required evidence of cognitive decline, including memory impairment, on the neuropsychological test battery and evidence of impairment in social or occupational function (clinical dementia rating >0.5). 15 The diagnosis of LOAD was based on the National Institute of Neurological and Cognitive Disorders and Stroke/Alzheimer's Disease and Related Disorders Association Criteria. 16 A diagnosis of probable LOAD was made when the dementia could not be explained by any other disorder. A diagnosis of possible LOAD was made when the most likely cause of dementia was LOAD, but there were other disorders that could contribute to the dementia such as stroke and Parkinson disease. A diagnosis of vascular dementia was made when the dementia started within 3 months of the stroke.
Measures of Obesity and Other Covariates
BMI was defined as weight (kg) divided by height in meters squared (m 2 ). 17 WC was measured at the minimum circumference between the iliac crest and the rib cage. WHR was calculated as WC and hip girth (cm) measured at the maximum width over the greater trochanters. 17, 18 Other Covariates History of type 2 diabetes mellitus was ascertained by self-report or by the use of diabetes medications at baseline and each follow-up visit. Hypertension, heart disease, and smoking were defined by self-report. Heart disease included a history of atrial fibrillation and other arrhythmias, congestive heart failure, myocardial infarction, and angina pectoris. Smoking was classified into never, present, and past smoking. Fasting plasma total cholesterol and triglyceride levels were determined at the first follow-up using standard enzymatic techniques. HDL cholesterol levels were determined after precipitation of apolipoprotein B containing lipoproteins with phosphotungstic acid. 19 Low-density lipoprotein cholesterol was recalculated using the formula of Friedewald et al. 20 APOE genotypes were determined as described by Hixson and Vernier 21 with slight modification. 22 We classified persons as homozygous or heterozygous for the APOE e4 allele or not having any e4 allele.
Statistical Methods
The clinical and demographic characteristics were first compared with the presence and absence of LOAD to determine crude associations. Continuous variables were compared using t test, and categorical variables were compared using the w 2 test.
Cox proportional hazards regression models 23 were used to examine the association between obesity measures (BMI, WC, WHR) and LOAD. Time from baseline to dementia onset was the time-to-event variable. A left censoring term for age at baseline was included in all models. The first model adjusted for age and sex; the second model adjusted for age, sex, ethnic group, education, and APOE-e4 allele; and a third model adjusted additionally for, hypertension, heart disease, non-HDL cholesterol, HDL cholesterol, and history of stroke. The rationale for the first model was adjustment for common demographics. The rationale for the second model was adjustment for LOAD risk factors in our sample. The rationale for the third model was to adjust for theoretical mediators between obesity and LOAD; attenuation of the hazard ratios (HR) in this model was interpreted as evidence of mediation, not confounding. SAS for Windows version 9 (SAS Institute, Cary, NC) was used for all analyses.
RESULTS
The general characteristics of the study sample are shown in Table 1 . BMI was strongly correlated with WC [Pearson coefficient (pc)=0.8; P<0.0001] but weakly correlated with WHR (pc=0.1; P<0.001). WHR was moderately correlated with WC (pc=0.6; P<0.001).
We conducted bivariate analyses comparing persons with and without LOAD ( Table 1) . Persons with LOAD were older, more likely to be Hispanic, less likely to be White, more likely to have T2D, stroke, had a lower non-HDL cholesterol, and a higher HDL cholesterol. BMI was lower in persons with LOAD, whereas WHR was higher.
BMI [HR, 0.9; 95% confidence interval (CI): 0.7, 1.1] and WC (HR, 0.9; 95% CI: 0.8, 1.2) as continuous variables were not significantly associated with LOAD. WHR as a continuous variable was associated with higher LOAD risk (HR, 1.4; 95% CI: 1.1, 1.8) in the fully adjusted model.
In the multivariate analyses by quartiles using the first model as the reference (Table 2) , BMI quartiles were not related to LOAD. The highest WC quartile was related to LOAD in the model adjusted for age and sex, but this association was markedly attenuated in the model adjusting for ethnic group, education, and APOE-e4. The main covariate driving this attenuation was education. The highest quartile of WHR was strongly associated with LOAD, and this association was robust in all models.
DISCUSSION
Among obesity measures, only higher WHR was robustly associated with LOAD risk. The association between WC and LOAD was strongly attenuated by adjustment for education.
The potential mechanisms linking obesity and LOAD are not clear. Obesity is a risk factor for hyperinsulinemia and T2D, 24 and both are risk factors in our cohort 25 and in other studies. 12 Obesity is also related to other vascular risk factors such as hypertension and dyslipidemia, heart disease, and stroke, 24 which have also been reported to be associated with LOAD in isolation and in aggregate. 26 Obesity is also related to the production of adipokynes and cytokines. 27 However, they are correlates of hyperinsulinemia and T2D and their independent role in LOAD is less clear.
Elevated BMI in middle age may be associated with higher dementia risk. 5, 7 Central obesity in middle age is related to a higher risk of dementia in older age. 4 Higher BMI at ages 70, 75, and 79 years may also predict higher dementia risk. 8 However, there have been reports of no association at midlife 11 and of lower BMI related to higher LOAD risk 9,28 at older ages. There are several explanations for this apparent paradox. First, age of the obesity measure in relationship with clinical dementia onset varies across studies. A previous study from our cohort recruited in 1992 to 1994 10 found that in younger elderly (65 to 76 y of age), the association between BMI quartiles and LOAD resembles a U-shaped curve, whereas in the oldest old (>76 y) higher BMI is related to a lower LOAD risk. This U-shaped association has been reported for the relationship between obesity and cardiovascular mortality 29 and underscores the difficulty in studying the effects of obesity in older age. 30 This study also found that higher WC is related to higher LOAD risk in the younger elderly, but not in the oldest old. WHR was not available as an obesity measure in that cohort. The Cardiovascular Health Study recently reported that elevated self-reported BMI at the age of 50 years was associated with a higher risk of dementia, whereas BMI at the age of Z65 years in the same individuals was not. 6 This study underscores the importance of the period in life at which obesity is ascertained in relation to dementia. Another potential explanation for the paradox linking low weight in old age to dementia seems to be weight loss.
The mechanisms for this are not entirely clear. They may include loss of olfaction, 31, 32 one of the earliest manifestations of LOAD, which may lead to decreased caloric intake, forgetfulness of meals, 33 and metabolic changes related to LOAD that are not well understood. In this regard, LOAD is accompanied by abnormalities in brain insulin signaling, 34 which could affect appetite and food intake. It is not clear if weight loss is a consequence of LOAD, a parallel process, or if it is related to potential causes of LOAD, such as insulin resistance. 35 Our results are consistent with the concept that BMI loses predictive ability in the elderly, but is also consistent with the idea that measures of central obesity, such as WHR, are better measures of outcomes including vascular disease 13 across different ethnic group, sex groups, and age groups. The generalizability of our findings to other populations is not clear. It is important to point out that our sample is subject to survival bias, and we may not be capturing the effects of obesity earlier in life. However, it demonstrates that central obesity may be important in the fastest growing age group in our society. To the best of our knowledge, this is the first study demonstrating that WHR in the elderly is a better predictor of LOAD compared with other measures of obesity and helps explain the apparent discrepancies in studies reporting on obesity in the elderly and LOAD. Interventions that target central obesity in middle age and the elderly, such as diet and exercise, could be tested for the prevention of LOAD.
